TESTING APPARATUS OF MAGNETIC RECORDING MEDIUM OR 

MAGNETIC HEAD 

CROSS-REFERENCE TO RELATED APPLICATIONS 

5 This application is a division of application Serial No. 09/722,298 filed on 

November 28, 2000. The contents of application Serial No. 09/722,298 are hereby 
incorporated herein by reference in their entirety. 

BACKGROUND OF THE INVENTION 

10 The present invention relates to a testing apparatus of a magnetic recording 

medium or a magnetic head, for testing the magnetic recording medium or the 
magnetic head, which are able in write-in and read-out. 

Conventionally, in information processing apparatuses, such as a work 
station, etc., magnetic recording apparatuses have been used as an outer recording 

15 apparatus thereof. It is well-known that, in particular, magnetic disc devices are 
developed, due to improvement on magnetic substance or on a magnetic head and 
also due to progress on signal processing technology, in high density of recording 
and high frequency of recording, as well as in lowering of the price thereof, in recent 
years, and it bears a burden of high speed and price-lowering of the information 

20 processing apparatuses. 

Also, the magnetic disc apparatuses are required to be high in the reliability 
on data being recorded/reproduced, as the outer recording apparatuses, then for 
testing the magnetic disc or the magnetic head which is applied into a magnetic disc 
apparatus, a method is often used, in which the testing is carried out by 
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recording/reproducing the test data with use of the magnetic disc or the magnetic 
head, at the frequency being used in actual practice. 

In particular, with the magnetic disc, evaluation and testing are carried out on 
the disc as an object to be tested, by recording/reproducing the test data which is 
5 recorded on the magnetic disc, for example by performing a parametric test, wherein 
is measured TAA (Track Average Amplitude) as an average amplitude of a disc 
reproducing signal, such as shown in Fig. 1 1, as a test parameter recommended by 
the International Disc Drive Equipment and Materials Association (IDEMA), or PW50 
as an average pulse width of the disc reproducing signal at a point of 50% of the 

10 average amplitude (TAA). 

Also, the evaluation and testing are carried out on the disc as the object to be 
tested, by performing a certify test, wherein is detected a missing error, in which the 
amplitude of the disc reproducing signal is reproduced at a unit of data pulse and 
with an amplitude being too much smaller than the averaged amplitude of the disc 

15 reproducing signal when conducting the write-in/read-out of constant frequency data 
onto the magnetic disc, or a spike error, in which it is reproduced with the amplitude 
being too much larger than the average amplitude, etc. 

Fig. 10 is a drawing for showing the structure of a testing apparatus of the 
magnetic recording medium or the magnetic head, according to the conventional art. 

20 In the testing apparatus shown in the Fig. 10, first a magnetic disc 101 as the 

object to be tested is operated to rotate by a disc rotation portion 103, on the 
contrary to this, a test signal St of frequency fo is generated in a test signal generator 
circuit 602, so as to be added to a write-in controller circuit 603, wherein a test data 
is produced in the write-in controller circuit 603, being converted into a write-in 
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current at a certain level in a write-in/read-out amplifier 601 , and is written one by 
one onto the magnetic disc 101 through a R/W head 102 which was acknowledged 
to be a good-qualified one or was known in the magnetic characteristics thereof. 
After completing the write-in, from the track on the magnetic disc 101 onto 
5 which the test data is written, the disc reproduction signal is reproduced by the R/W 
head 102 through the read-in/write-out amplifier 601 as two (2) signals of a positive 
phase and a negative phase, to be sent to an amplifier (AMP) 604 for level adjusting. 
Those two (2) disc reproducing signals Ss1 and Ss2 (each being a signal of 
frequency fo and corresponding to the test signal St), being adjusted in the level 

10 there, are inputted into a TAA detection circuit 605, a PW detection circuit 605 and a 
wave-form comparator circuit 608. 

The TAA detection circuit 605 is constructed with using, for example, a 
voltage comparator circuit (comparator), a controlled current source, a capacitor and 
a one-turn track integrator circuit (not shown in the figure), wherein the voltage for 

15 charging the capacitor and the voltage of the disc reproducing wave-form are 
compared with, so that an envelope voltage in vicinity of a peak value of the disc 
reproducing signal is detected while controlling the controlled current source by 
means of the comparator, so as to charge the capacitor when the voltage of the disc 
reproducing wave-form is higher than the voltage for charging the capacitor, thereby 

20 detecting an integrated value of the envelope voltage for the period of one-turn or 
one-round of the track by means of the one-turn track integrator circuit. 

Conducting dividing process upon the integrated value of the envelope 
voltage by the time for one-turn of the track, namely by treating averaging process 
onto the envelope voltage of the disc reproducing signal, the average amplitude 
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value TAA of the disc reproducing signal is detected, so as to be outputted to a slice 
level producing circuit 606. 

Also, a CPU 111 of a controller portion 110 reads the average amplitude 
value TAA, being the output of the TAA detection circuit, so as to perform 
5 measurement of TAA. 

In the slice level producing circuit 606, the voltage of 50% with respect to the 
voltage level of the TAA is set to be a threshold value (i.e., a slice level), as a slice 
setting 1, to provide an output into a PW detector circuit 607, while, by means of a 
control signal P outputted by the CPU 1 1 1 of the controller portion 110, the voltage 

10 value of P% with respect to the voltage level of the TAA is outputted into the wave- 
form comparator circuit 608, as the slice setting 2. 

The PW detector circuit 607 is constructed with, for example a voltage 
comparator circuit (comparator), a controlled current source, a capacitor and a one- 
round track integrator circuit (not shown in the figure), wherein the controlled current 

15 source is controlled by the comparator, so that the capacitor is charged up only for 
the time when the disc reproducing signal mentioned above exceeds the slice setting 
1 , to integrate the capacitor charging voltage for the period of one-turn or one-round 
of the track in the one-turn track integrator circuit, thereby detecting the integrated 
value (voltage) of the pulse widths. 

20 The CPU 1 1 1 of the controller portion 110 measures the averaged pulse width 

PW 50 mentioned above, through conducting the dividing process upon the 
integrated value (voltage) of the pulse widths as the output of the PW detector circuit 
607 by the charge current value of the controlled current source and the number of 
pulses of the disc reproducing signal for the period of one-turn of the track. 
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The wave-form comparator circuit 608 is constructed with, for example a 
voltage comparator circuit (comparator), and outputs a comparison result between 
the voltage value of the above-mentioned disc reproducing signal and the voltage 
value of the slice setting 2, as a detection signal to an error detection circuit 609. 
5 The error detection circuit 609 is constructed with gate circuits, wherein a window 
pulse is generated for detecting the peak position of the disc reproducing signal 
pulse, only for a predetermined set period upon the basis of a timing signal T 
corresponding to each bit of the test data which is sent from the test signal generator 
circuit 602 mentioned above, while detecting an error, such as the missing error 

10 and/or the spike error, etc., from the detection signal as the output of the wave-form 
comparator circuit 608 and the window pulse, thereby outputting a bit error signal Er 
to an error memory 610 in synchronism with the each bit of the timing signal T. The 
error detection circuit 609 also receives the control signal P from the CPU 1 1 1 of the 
controller portion 110, and is changed in the operation condition thereof depending 

15 upon the kinds or sorts of errors, so as to detect the each error, such as the missing 
error and/or the spike error, etc. 

The error memory 610 changes the address thereof sequentially, while 
receiving the timing signal T generated by the test signal generator circuit 602, and 
also memorizes the error signal Er which is outputted by the error detection circuit 

20 609 into the renewed address, as a defect data, "1" or "0", sequentially. The CPU 
1 1 1 reads the contents of the error memory 610 at the time point when the test is 
completed on all rounds of the magnetic disc 101 as the object to be tested, through 
a bus into a memory 1 12, so as to conduct the evaluation of the magnetic disc 101 . 
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Though the above-mentioned is for the magnetic disc as the object to be 
tested, however when the object to be tested is a magnetic head, the evaluation on 
the R/W head 102 as the magnetic head is carried out, with using the magnetic disc 
which was acknowledged to be a good-qualified one or is known in the magnetic 
5 characteristics thereof, under the same construction. 

Accordingly, with the testing apparatus of the magnetic recording medium or 
the magnetic head according to the conventional art, shown in the Fig. 10, by 
performing the circuit operation mentioned above onto the magnetic disc 101 as the 
object to be tested, it measures the TAA or the PW50, thereby to realizes the 
10 prametric test, or it measures the missing error or the spike error, thereby to realize 
the certify test. As the prior art relating to the present technology, for example, in 
Japanese Patent Laying-Open No. Hei 10-83501 (1998) is mentioned an outline of 
the conventional certifier. 

SUMMARY OF THE INVENTION 

15 However, with the testing apparatus of the magnetic recording medium or the 

magnetic head of analogue method, according to the conventional art, there is given 
no consideration on measuring restrictively the TAA shown in the Fig. 1 1, for 
example for detecting the value of amplitude of the disc reproducing signal, with 
using the envelope detector circuit, as was mentioned in the above, nor 

20 consideration of conducting the test with details and at high accuracy onto the 
magnetic disc, by detecting the pulse width or the value of amplitude, etc., for 
example, on an arbitrary number of discontinuous pulses of the disc reproducing 
signal, for measuring the TAA and the PW50 from the disc reproducing signal by 
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treating the averaging process thereon with using the one-turn track integrator 
circuit. 

Also, in the testing apparatus of the magnetic recording medium or the 
magnetic head with using the conventional analogue method, when the disc 
5 reproducing signal comes to be a high frequency wave, the response of the 

comparator in the TAA detector circuit, for example, is too late to the changing of an 
input, then the accuracy is deteriorated in detecting the TAA. In a case where the 
TAA is measured at the detecting accuracy being same to that of the conventional 
method, so as to meet with tendency of high frequency on the magnetic disc in 

10 future, for example, there is a necessity for the comparator, having a performance of 
gain 54db/frequency bandwidth 2GHz at the present, to be improved in IC process 
performance more than 8GHz in the frequency bandwidth thereof, i.e., more than 
four (4) times lager than that, however it is difficult to realize it with the present IC 
process technology. Accordingly, with the conventional method, there is a possibility 

15 that the test of the magnetic disc or the magnetic head cannot be performed with 
high accuracy at the frequency where it is practiced actually, in particular for the 
tendency of high frequency of the magnetic disc apparatus in future, namely there is 
a problem that the test cannot be carried out at high speed/high accuracy, and that 
the magnetic disc or the magnetic head as the object to be tested is decreased down 

20 in the reliability thereof. 

Also, in the testing apparatus of the magnetic recording medium or the 
magnetic head with using the conventional analogue method, there is a testing 
method to cope with the tendency of high frequency of the magnetic disc apparatus, 
in which the digital reproducing signal is observed on the wave-form with using a 
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digital sampling oscilloscope, etc., however it has a problem that it is impossible to 
measure the disc reproducing signal, with observing the wave-form thereof by 
means of the digital sampling oscilloscope, in particular for the write-in of an arbitrary 
and aperiodic test data. Also, even in a case of measuring the wave-form of the disc 
5 reproducing signal by means of the digital sampling oscilloscope, etc., with using a 
periodic test data, there is a problem that it is impossible to achieve the high speed 
in the testing time, then throughput in the testing process of the magnetic disc is 
decreased down, therefore the price of the magnetic disc cannot be lowered, in 
particular when conducting the test on recording/reproducing of the test data 
10 onto/from all the tracks of the magnetic disc. 

An object according to the present invention is to provide a testing apparatus 
of the magnetic recording medium or the magnetic head, with which the test can be 
realized on the magnetic disc or the magnetic head, with details and at high 
accuracy. 

15 Also other object according to the present invention is to provide a testing 

apparatus of the magnetic recording medium or the magnetic head, with which the 
test can be realized on the magnetic disc or the magnetic head, with details thereof 
and at accuracy being much higher. 

Also, other object according to the present invention is to provide a testing 

20 apparatus of the magnetic recording medium or the magnetic head, with which the 
test can be realized at high speed, in the testing apparatus of the magnetic recording 
medium or the magnetic head. 

Also, other object according to the present invention is to provide a testing 
apparatus of the magnetic recording medium or the magnetic head, with which 



measurement of the value of average amplitude (TAA) and the average pulse width 
PW50 of the reproducing test data can be realized at high speed. 

According to the present invention, there is provided a testing apparatus of a 
magnetic recording medium or of a magnetic head, for conducting test on said 
5 magnetic recording medium or said magnetic head, through recording test data onto 
said magnetic recording medium by means of said magnetic head and reproducing 
said recorded test data by means of said magnetic head, so as to treat a 
predetermined process thereon, wherein: 

said reproduced test data is converted into a digital value, and upon said 
10 converted digital data, a calculation process is conducted in relation to a magnetic 
characteristic of said magnetic recording medium from the converted digital value, 
thereby conducting the test on said magnetic recording medium or on said magnetic 
head. 

Also, according to the present invention, there is provided a testing apparatus 
15 of a magnetic recording medium or of a magnetic head as defined in the above, 
wherein said calculation process is a statistic calculation process or a frequency 
analysis calculation process, in which a peak value of said reproduced test data or a 
threshold value time when exceeding or being below an arbitrary threshold value is 
measured with using said converted digital value, thereby to calculate out an 
20 average value or a dispersion value or a deviation value or a cumulative frequency 
about said peak value or said threshold value time. 

Also, according to the present invention, there is provided a testing apparatus 
of a magnetic recording medium or of a magnetic head, for conducting test on said 
magnetic recording medium or said magnetic head, through recording test data onto 
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said magnetic recording medium by means of said magnetic head and reproducing 
said recorded test data by means of said magnetic head, so as to treat a 
predetermined process thereon, comprising: 

a conversion means for converting the reproduced test data into a digital 
5 value, a holding means for holding the digital value converted by said conversion 
means, and a data processing means for conducting a calculation process in relation 
to a magnetic characteristic of said magnetic recording medium from said digital 
value held by said holding means, thereby conducting the test on said magnetic 
recording medium or on said magnetic head. 
10 Also, according to the present invention, there is provided a testing apparatus 

of a magnetic recording medium or of a magnetic head, for conducting test on said 
magnetic recording medium or said magnetic head, through recording test data onto 
said magnetic recording medium by means of said magnetic head and reproducing 
said recorded test data by means of said magnetic head, so as to treat a 
15 predetermined process thereon, comprising: 

N number (N: an integer) of conversion means for converting the reproduced 
test data into digital values; 

a sampling clock control means for operating said N number of said 
conversion means, at a predetermined sampling frequency for each one of said 
20 converter means; 

N number of holding means for holding the digital values converted by said N 
number of the converter means; and 

a data processing means for conducting a calculation process in relation to a 
magnetic characteristic of said magnetic recording medium from said digital values 
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held by said N number of the holding means, thereby conducting the test on said 
magnetic recording medium or on said magnetic head. 

Also, according to the present invention, there is provided a testing apparatus 
of a magnetic recording medium or of a magnetic head, for conducting test on said 
5 magnetic recording medium or said magnetic head, through recording test data onto 
said magnetic recording medium by means of said magnetic head and reproducing 
said recorded test data by means of said magnetic head, so as to treat a 
predetermined process thereon, comprising: 

N number of conversion means for converting the reproduced test data into 
10 digital values; 

a sampling clock control means for operating said N number of said 
conversion means, at a sampling frequency fADC for each one of said converter 
means; 

N number of holding means for holding the digital values converted by said N 
15 number of the converter means; 

a data processing means for conducting a calculation process in relation to a 
magnetic characteristic of said magnetic recording medium from said digital values 
held by said N number of the holding means; and 

an analysis processing means for conducting determining process of said 
20 magnetic recording medium from an output of said data processing means, wherein 
N has a following relationship among M, being a ratio of a sampling frequency fs as 
a target with respect to a frequency fin of the reproduced test data, said frequency 
fin, and a sampling frequency fADC for operating said converter means, 

N £ M X f in /f A DC 



and is an integer. 

Also, according to the present invention, there is provided a testing apparatus 
of a magnetic recording medium or of a magnetic head, for conducting test on said 
magnetic recording medium or said magnetic head, through recording test data onto 
said magnetic recording medium by means of a magnetic head and reproducing said 
recorded test data by means of said magnetic head, so as to treat a predetermined 
process thereon, comprising: 

a rotation control means for operating a holding rotation means for holding 
said magnetic recording medium to rotate, by an output of a first oscillation means 
for oscillating at a desired frequency; 

a recording means for recording said test data onto said magnetic recording 
medium, by the magnetic head which is positioned opposing to said magnetic 
recording medium on said holding rotation means; 

a reproducing means for reproducing said test data which is recorded onto 
said magnetic recording medium by said magnetic head; 

N number of conversion means for converting the reproduced test data into 
digital values; 

a reproduction signal distributing means for distributing said reproduced test 
data into said N number of the converter means to supply; 

a sampling clock distributing means for operating said N number of the 
converter means, at a sampling frequency fADc for each one of said converter 
means, by means of a clock signal based on a second oscillation means for 
oscillating at a desired frequency; 
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N number of holding means for holding the digital values converted by said N 
number of the converter means; 

a data processing means for conducting a calculation process in relation to a 
magnetic characteristic of said magnetic recording medium from said digital values 
5 held by said N number of the holding means; 

an analysis processing means for conducting determining process of said 
magnetic recording medium from an output of said data processing means; and 

a controller means for bringing the oscillating frequencies of said first 
oscillation means and said second oscillation means and the sampling frequency for 
10 operating said converter means to be changeable, wherein N has a following 
relationship among M, being a ratio of a sampling frequency fs as an object with 
respect to a frequency fj n of the reproduced testing data, said frequency f in , and a 
sampling frequency f A DC for operating said converter means, 

N £ M X VfADC 

15 and is an integer. 

Also, according to the present invention, there is provided a testing apparatus 
of a magnetic recording medium or of a magnetic head, for conducting test on said 
magnetic recording medium or said magnetic head, through recording test data onto 
said magnetic recording medium by means of said magnetic head and reproducing 

20 said recorded test data by means of said magnetic head, so as to treat a 
predetermined process thereon, comprising: 

a rotation control means for operating a holding rotation means for holding 
said magnetic recording medium to rotate, by an output of a first oscillation means 
for oscillating at a desired frequency; 
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a mode and timing controller means for producing a write-in mode signal 
indicative of a start and an end of writing and a read-out mode signal indicative of a 
start and an end of reading, responding to a start signal and a stop signal, upon 
basis of an index signal indicative of a rotation number and an encode signal 
indicative of a rotating position from said rotation controller means; 

a recording means for recording said test data onto said magnetic recording 
medium, by the magnetic head which is positioned opposing to said magnetic 
recording medium on said holding rotation means, upon basis of said write-in mode 
signal; 

a reproducing means for reproducing said test data which is recorded onto 
said magnetic recording medium by said magnetic head, upon basis of said read-out 
mode signal; 

N number of conversion means for converting the reproduced testing data into 
digital values; 

a reproduction signal distributing means for distributing said reproduced test 
data into said N number of the converter means so supply; 

a sampling clock distributing means for operating said N number of the 
converter means, at a sampling frequency fADC for each one of said converter 
means, by means of a clock signal based on a second oscillation means for 
oscillating at a desired frequency; 

N number of holding means for holding the digital values converted by said N 
number of the converter means; 
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a data processing means for conducting a calculation process in relation to a 
magnetic characteristic of said magnetic recording medium from said digital values 
held by said N number of the holding means; 

an analysis processing means for conducting determining process of said 
5 magnetic recording medium from an output of said data processing means; and 

a controller means for bringing the oscillating frequencies of said first 
oscillation means and said second oscillation means and the sampling frequency for 
operating said converter means to be changeable, wherein N has a following 
relationship among M, being a ratio of a sampling frequency f s as an object with 
10 respect to a frequency f in of the reproduced testing data, said frequency f in , and a 
sampling frequency f A Dc for operating said converter means, 

N > M X f in /f A DC 

and is an integer. 

Also, according to the present invention, there is provided a testing apparatus 
15 of a magnetic recording medium or of a magnetic head, for conducting test on said 
magnetic recording medium or said magnetic head, through recording test data onto 
said magnetic recording medium by means of said magnetic head and reproducing 
said recorded test data by means of said magnetic head, so as to treat a 
predetermined process thereon, comprising: 
20 L (L: an integer being equal or greater than 2) number of reproducing means 

for reproducing said test data recorded onto said magnetic recording medium, as L 
number of separate signals, by means of L number of said magnetic heads which 
are positioned opposing to said magnetic recording medium; 



N (N: an integer being equal or greater than 2) number of conversion means 
for converting the reproduced test data into digital values; 

a reproduction signal distributing means for distributing said reproduced test 
data into said N number of the converter means to supply, by bringing into a desired 
5 connecting condition; 

a sampling clock distributing means for operating said N number of the 
converter means, at a sampling frequency f A Dc for each one of said converter 
means; 

N number of holding means for holding the digital values converted by said N 

10 number of the converter means; and 

a data processing means for conducting a calculation process in relation to a 
magnetic characteristic of said magnetic recording medium from said digital values 
held by said N number of the holding means, thereby conducting the test on said 
magnetic recording medium or on said magnetic head. 

15 Also, according to the present invention, there is provided a testing apparatus 

of a magnetic recording medium or of a magnetic head, for conducting test on said 
magnetic recording medium or said magnetic head, through recording test data onto 
said magnetic recording medium by means of said magnetic head and reproducing 
said recorded test data by means of said magnetic head, so as to treat a 

20 predetermined process thereon, wherein: 

said reproduced testing data is converted into a digital value, and upon said 
converted digital data, a calculation process is conducted in relation to a magnetic 
characteristic of said magnetic recording medium from the converted digital value, 
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thereby conducting the test on said magnetic recording medium, and said calculation 
process comprises: 

a first frequency measuring means for selectively operating plural measuring 
means to measure, upon basis of said converted digital value; 
5 a first histogram processing means for measuring and outputting an average 

amplitude value of a reproduced wave-form by means of a histogram process, upon 
basis of an output of said first frequency measuring means; 

a coefficient means for multiplying a coefficient of 1/2 onto an output of said 
first histogram processing means; 
10 a comparator means for comparing an output of said coefficient means and 

an output of a converter means, to output a comparison result; 

a pulse counting means for operating to count a clock signal pulse oscillating 
at a desired frequency, only a period during when an output of said comparator 
means lies at a predetermined level; 
15 a second frequency measuring means, being operative upon basis of change 

of an output of said comparator means, for selectively operating the plural measuring 
means to measure, upon basis of a pulse which is outputted by said pulse counting 
means; and 

a second histogram processing means for measuring and outputting an 
20 average amplitude value of the reproduced wave-form by means of a histogram 
process upon basis of an output of said second frequency measuring means, 
wherein the average amplitude value and the average pulse width of said 
reproduced wave-form during a desired time period is measured, thereby conducting 
the test on said magnetic recording medium or on said magnetic head. 
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Also, according to the present invention, there is provided a testing apparatus 
of a magnetic recording medium or of a magnetic head, for conducting test on said 
magnetic recording medium or said magnetic head, through recording test data onto 
said magnetic recording medium by means of said magnetic head and reproducing 
5 said recorded test data by means of said magnetic head, so as to treat a 
predetermined process thereon, wherein: 

said reproduced testing data is converted into a digital value, and upon said 
converted digital data, a calculation process is conducted in relation to a magnetic 
characteristic of said magnetic recording medium from the converted digital value, 
10 thereby conducting the test on said magnetic recording medium, and said calculation 
process comprises: 

a first frequency value holding means for measuring frequency, by adding 
data written into an address of a first memory corresponding to said converted digital 
value with using a first adder circuit and writing it into the same address, upon basis 
15 of said converted digital value; 

a first histogram processing means for measuring and outputting an average 
amplitude value of a reproduced wave-form by means of a histogram process, upon 
basis of an output of said first frequency measuring means; 

a threshold holding means for holding a predetermined threshold data; 
20 a comparator means for comparing an output of said threshold holding means and 
an output of said converter means, so as to output a comparison result therefrom; 
a pulse counting means for operating to count a clock signal pulse at a desired 
frequency, only a period during when an output of said comparator means lies at a 
predetermined level; 



a second frequency holding means for measuring frequency, by adding data 
written into an address of a second memory corresponding to said converted digital 
value, with using a second adder circuit and by writing it into the same address, upon 
basis of an output of said pulse counting means; and 

a second histogram processing means for measuring and outputting a value 
of average amplitude of a reproduced wave-form, by means of a histogram 
calculation process, upon basis of an output of said first frequency measuring 
means, wherein the average amplitude value and the average pulse width of said 
reproduced wave-form during a desired time period is measured, thereby conducting 
the test on said magnetic recording medium or on said magnetic head. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a view for showing a first embodiment of a testing apparatus for a 
magnetic recording medium or a magnetic head, according to the present invention; 

Fig. 2 is a view for showing operation of the apparatus shown in the Fig. 1 ; 

Fig. 3 is a view for explaining a statistic calculation process on a peak value 
and a pulse width of a disc reproducing signal; 

Fig. 4 is a view for explaining an operation of sampling the disc reproducing 
signal with using plural A/D converter circuits, so as to convert it into digital value, in 
connection with the first embodiment of the Fig. 1; 

Fig. 5 is a view of showing a second embodiment of a testing apparatus for a 
magnetic recording medium or a magnetic head, according to the present invention; 

Fig. 6 is a view for explaining an operation of sampling the disc reproducing 
signal with using plural A/D converter circuits, so as to convert it into digital value, in 
connection with the second embodiment of the Fig. 2; 

19 



Fig. 7 is a view of showing a third embodiment of a testing apparatus for a 
magnetic recording medium or a magnetic head, according to the present invention; 

Fig. 8 is a view of explaining principle of measuring a value of an average 
amplitude TAA and an average pulse width PW50 on the disc reproducing wave- 
5 form, in connection with the third embodiment of the Fig. 7; 

Fig. 9 is a view of showing another embodiment in connection with the third 
embodiment of the Fig. 7; 

Fig. 10 is a view of showing the structure of testing apparatus for the magnetic 
recording medium or the magnetic head, according to the conventional art; and 
10 Fig. 1 1 is a view of explaining definition of the disc reproducing signal average 

amplitude (TAA) and the disc reproducing signal average pulse width (PW50) at a 
point of 50%, in connection with the disc reproducing signal. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Hereinafter, embodiments according to the present invention will be fully 
15 explained by referring to the attached drawings. 

Fig. 1 shows the structure of a first embodiment according to the present 
invention, i.e., the structure view of the testing apparatus of a magnetic recording 
medium or of a magnetic head, such as, through recording test data which is set for 
the magnetic recording medium, reproducing that test data recorded on that 
20 magnetic recording medium, thereby deciding whether it is good or bad quality of the 
magnetic recording medium or of the magnetic head with using the reproduction 
signal of that test data, or conducting measurement of characteristics thereof. 

In the testing apparatus 1 of the magnetic recording medium or the magnetic 
head shown in Fig. 1, as a recording operation, a disc 101 as the magnetic recording 



medium is held on a disc rotating portion 103 so as to be rotated thereon, a test data 
for use in the testing is formed or produced in a write-in data producing portion 121 
to be outputted, the output of the write-in data producing portion 121 being amplified 
in a write-in amplifier 122 to be outputted, a R/W head 102 being positioned on a 
track to be a testing target on the disc 101 , and the write-in operation is performed 
onto the disc 101 having magnetic characteristics, by changing magnetic field of the 
R/W head upon basis of the output of the write-in amplifier 122, thereby recording 
the test data on the track as the test target on the disc 101 which is in the rotating 
operation, along with a circumference direction thereof. 

Also, as a reproducing operation, the change in the magnetic field due to the 
test data which is recorded on the disc 101 being operated to rotate is detected by 
the R/W head 102, the disc reproduction signal is divided into 4 (N=4) by a disc 
reproduction signal distributor circuit 132, and each of the disc reproduction signal 
being divided into four (4) is converted into a digital value, independently, with using 
sampling clock signals being independent, through A/D converter circuits 141-144 
provided in a number of 4 (N=4), so as to be outputted, thereby the digital values 
outputted by the A/D converter circuits 141-144 are held in memories 151-154. 

Upon the basis of the digitized data of the disc reproduction signal which is 
held in the memories 151-154, the measured value to be a target for the disc 
reproduction signal is calculated out by means of a calculation process in a data 
processing portion 135, so as to be outputted, and upon the measured value of the 
disc reproduction signal which is outputted by the data processing portion 135, a 
decision or discrimination operation for performing decision process by calculating 
out whether the disc to be the test target is normal or not is conducted in an analysis 
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processing portion 136, thereby conducting the test on the magnetic disc or the 
magnetic head to be the test target. 

A disc rotation controller portion 104 produces a disc rotation control signal, 
upon the basis of an output of a variable frequency oscillator circuit 113 oscillating at 
5 a predetermined frequency under control of a CPU 111 provided with in a controller 
portion 1 10, so as to control the disc 101 at a predetermined rotation number at 
constant, to the disc rotating portion 103. Since the CPU 111 controls the variable 
frequency oscillator circuit 113 mentioned above, as well as another variable 
frequency oscillator circuit 114 which will be mentioned later, independently, then the 

10 disc 101 is controlled, so that it operate to rotate at constant, independently, between 
when being written with the test data thereon and when being read out therefrom. 

Also, the disc rotation controller portion 104 outputs an index signal (1 pulse 
output per 1 turn or revolution of the disc) or an encoder signal (for example, 1 ,024 
or 2,048 pulse outputs per 1 turn or revolution of the disc) to a mode change/timing 

15 controller portion 137, upon the basis of a disc rotation number detection signal 
which is outputted by the disc rotation portion 103. 

The mode change/timing controller portion 137 receives a standard or basic 
clock signal, being as an output of the variable frequency oscillator circuit 114 which 
oscillates at the predetermined frequency under the control of the CPU 111 provided 

20 in the controller portion 1 10, so as to operate the circuits therein, and, in a recording 
reproduction sector discrimination portion (not shown in the figure) located inside 
thereof, there is provided a sector counter by means of a pulse counter circuit, such 
as a counter, etc., for example, wherein the sector counter is reset to "0" with using 
the index signal which is outputted by the disc rotation controller portion 104 and it is 



operated to count the pulse number of the encoder pulses, as shown in Fig. 2, 
thereby deciding or discriminating a sector position of that disc (hereinafter, being 
described only by "sector position") for conducting recording/reproducing of the test 
data by means of the R/W head 102. 
5 Also, by comparing a start sector value being preset and a stop sector value 

with the sector value as an output value of the sector counter, to be coincident 
therewith, a start detection signal and a stop detection signal are generated, 
internally, wherein is decided the start/end timing of the write-in mode or the read-out 
mode to the disc 101 , thereby conducting the production of the write-in mode signal 

10 or the read-out mode signal, so as to perform changing of the mode and timing 
control for each part of the testing apparatus. 

Fig. 2 (1) shows an example of testing an arbitrary sector with using the index 
signal and the encoder signal, and in particular, an example, in which the operation 
is performed on the decision of a period as the test target and the changing between 

15 the write-in mode signal/read-out mode signal, in a case where 2,048 pulses per one 
(1) turn of the disc are outputted as the encoder signal in the disc rotation controller 
portion 104, while setting the start sector value to be two (2) and the stop sector 
value to be 2,048. 

Herein, each period of the modes of the write-in and the read-out is a 

20 predetermined time period which is determined by the testing apparatus 1, and they 
are set as the start sector value and the stop sector value in registers, etc., within the 
mode change/timing controller portion 137, through the CPU 1 1 1 by means of a test 
program which is held in a memory 112 inside the controller portion 110. By means 
of the recording reproduction sector determining portion mentioned above, which is 
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provided within the mode change/timing controller portion 137, the start detection 
signal outputs a voltage level indicative of an effective condition during only the time 
period when the sector position and the start sector value are coincident with, while 
the stop detection signal outputs a voltage level indicative of an effective condition 
5 during only the time period when the sector position and the stop sector value are 
coincident with. 

Accordingly, with the mode change/timing controller portion 137, it is possible 
to decide the time period from when the start detection signal pulse is outputted until 
to when the stop detection signal is outputted as the time period to be the test target, 

10 then as shown in the Fig. 2 (1), it is possible to conduct the test onto an arbitrary 

sector on the disc 101, by producing the write-in mode signal during the period to be 
test target in N th rotation of the disc, and producing the read-out mode signal during 
the period to be test target in N+1 th rotation of the disc, for example. 

Also, though not shown in the Figs. 1 and 2, in particular, however, by 

15 adopting the construction, so that each of the start sector value and the stop sector 
value can be set for each mode, independently, when writing and reading the test 
data, in the recording production sector determination portion, it is possible to set the 
write-in period and the read-out period of the test data, independently. Also, by 
adding a function of deciding the disc rotation number with provision of a index signal 

20 counter circuit, it is possible to write and read the test data at an arbitrary rotation 
number and to an arbitrary sector. 

Next, an example is shown, in which the disc test is conducted by use of only 
the index signal, in Fig. 2 (2). 
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Fig. 2 (2) shows an example, wherein the first index signal pulse is outputted 
as the start pulse when the write-in mode signal or the read-out mode signal is valid, 
and the pulse next to the index signal pulse which is used as the start pulse in the 
write-in or read-out mode is outputted as the stop pulse, thereby conducting the 
5 operation of the write-in or the read-out, i.e., conducting the test for each track of the 
magnetic disc 101. 

In the Fig. 2 (2), there is shown the example, where the start pulses are 
outputted at the N th turn and N+2 th turn of the disc 101 , for example, and the stop 
pulses are outputted at the N+1 th turn and N+3 th turn of the disc 101 . Herein, though 

10 the example is shown where the write-in or read-out operation is conducted by a unit 
of rotation to or from the disc 101, in the Fig. 2 (2), however it is needless to say that 
the test is able onto an arbitrary sector, by providing a function of counting the 
sectors, in the same manner as shown in the Fig. 2 (1), with provision of such the 
counter circuit operating with the clock signal at an arbitrary frequency, and 

15 operating to reset by the index signal, as well, in the recording reproduction sector 
discrimination portion. 

Also, the mode change/timing controller portion 137 performs the control on 
the three operation conditions of, such as, the write-in operation and the read-out 
operation into each portion of the testing apparatus 1 and the analysis processing 

20 operation, in addition to the sector discrimination operation mentioned above. 

Namely, during the first operation condition, i.e., the write-in operation, upon basis of 
the write-in mode signal which is produced through conducting the discrimination of 
the write-in sector by means of the sector detection function mentioned above, the 
mode change/timing controller portion 137 outputs the data producing timing signal 



being set to be equal to a recording bit frequency into the data producing portion 
121, so as to perform the write-in data producing control, and also, for changing the 
write-in magnetic field depending on the test data in the R/W head 102, it controls an 
output terminal of the write-in amplifier 122 to be able to provide an output, by the 
5 write-in mode signal, thereby to control the write-in of the data onto the disc 101 . 
Also, the mode change/timing controller portion 137, during the write-in 
operation, outputs control signals to the sampling clock distributor circuit 132, the 
A/D converter circuits 141-144, the memory control signal distributor circuit 134 and 
the memories 151-154, respectively, so as to stop the operations thereof, by bringing 

10 the read-out mode signal to be into an unable condition, so that it controls the each 
portion not to read out the write-in signal on the disc 101 as the disc reproduction 
signal, erroneously. The write-in operation described in the above is mentioning 
about the operation condition of the testing apparatus during the test target period 
(the write-in) shown in the Fig. 2. 

15 During the read-out operation as the second operation condition, upon basis 

of the read-out mode signal which is produced through conducting the discrimination 
of the read-out sector by means of the sector detection function mentioned above, 
for sampling the disc reproduction signals distributed by the disc reproduction signal 
distributor circuit 132 at the A/D converter circuits 141-144, which are provided in the 

20 number of N, the mode change/timing controller portion 137 outputs the read-out 
mode signal and the sampling clock to the sampling clock distributor circuit 133, so 
that sampling clocks CLK1, CLK2, CLK3 and CLK4 are produced in the sampling 
clock distributor circuit 133 and are outputted therefrom. 
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Also, at the same time, for writing and holding the digital values of the disc 
reproduction signal obtained through the sampling operation mentioned above, 
sequentially into the memories 151-154 by changing the memory addresses thereof, 
the mode change/timing controller portion 137 outputs a memory control signal 
5 composed of an address control signal and a write-enable signal, etc., and a read- 
out mode signal to the memory control signal distributor circuit 1 34 at the frequency 
which is equal to or less than the sampling clock, thereby conducting the timing 
control of the read-out operation of the disc reproduction signal data being digitized. 
Also, the mode change/timing controller portion 137 stops the data production 
10 signal timing signal to the write-in data producing portion 121 , so as to bring the 
write-in data producing portion 121 into the condition of stopping the output thereof, 
and also, for bringing the output terminal of the write-in amplifier 122 into a high 
impedance condition thereof, etc., so as to stop the output therefrom, it controls the 
write-in mode signal to be into an invalid condition, thereby stopping the write-in 
15 operation onto the disc during the read-out operation. 

Namely, for controlling not to conduct the write-in operation and the read-out 
operation mentioned above, simultaneously, the mode change/timing controller 
portion 137 controls the write-in mode signal and the read-out mode signal, 
exclusively to each other, so that they are not valid at the same time. The write-in 
20 operation described in the above is mentioning about the operation condition of the 
testing apparatus during the test target period (the read-out) shown in the Fig. 2. 

In the analysis processing operation as the third operating condition, for 
conducting the calculation processes of obtaining the average amplitude (TAA) and 
the pulse width (PW50) of the disc reproduction signal, upon basis of the digital 
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values (hereinafter, being described by "data") held in the memories 151-154, in the 
data processing portion 135, the mode change/timing controller portion 137 outputs 
a data process timing signal indicative of whether the data written in the memories 
151-154 are valid or not, to the data processing portion 135, and it also outputs an 
5 analysis process timing signal indicative of whether the result of calculation process 
in the data processing portion 135 is valid or not, which is used in the calculation 
process in the analysis processing portion 136, to the analysis processing portion 
136. 

For example, if the data written into the memories 151-154 are valid, the 
10 analysis process is able even during the read-out operation or the write-in operation, 
then the data process timing signal or the analysis process timing signal is 
controlled, independently from the write-in mode signal and the read-out mode 
signal. Namely, the analysis process operation described in the above is mentioning 
about the operation condition of the testing apparatus, which operates independently 
15 from and in parallel with any one of the test target periods (the write-in/read-out) 
shown in the Fig. 2, or a non-test target period. 

Also, in the testing apparatus of the magnetic recording medium or the 
magnetic head shown in the Fig. 1, the central processing unit (CPU) 111 provided 
in the controller portion 110 controls the operations of all over the testing apparatus, 
20 in accordance with operation control program which is written into the memory 112. 

Namely, in the Fig. 1, the CPU 1 1 1 conducts the oscillation frequency control 
onto the variable frequency oscillators 113 and 1 14, settings of the timing control 
data of the start/stop sector values, etc., and the write-in/read-out modes for the 
mode change/timing controller portion 137, setting of the write-in data for the write-in 
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data producing portion 121, the holding operations of reading out the result of 
deciding of good or bad quality of the magnetic disc or the magnetic head as the test 
target, as the output of the analysis processing portion 136 or the operation condition 
of the each part of the testing apparatus, etc., so as to hold them into the memory 
5 112, and a communication process with a host computer 2 which is provided outside. 
Also, as shown in the Fig. 1, in the testing apparatus 1 is provided a display 
device 160, thereby displaying the measurement values of the disc reproduction 
signal obtained in the data processing portion 1 35 under the control of the CPU 111, 
the results of the calculation processes, the results of the decision processes, or the 
10 operation conditions of each portion of the testing apparatus, etc., to users of the 
testing apparatus. 

Herein, in the testing apparatus 1 of the magnetic recording medium or the 
magnetic head shown in the Fig. 1, the data processing portion 135 is constructed 
with, for example, logic circuits, such as a DSP (Digital Signal Processor) for 

15 conducting digital signal processing, etc., and it conducts an interpolation process, 
etc., upon basis of the digital values of the disc reproduction signal held in the 
memory 151, thereby calculating out the amplitude value of each pulse for an 
arbitrary sector position or an arbitrary number of the disc reproduction signal pulses 
or the average amplitude value thereof, or the pulse width of the each pulse at an 

20 arbitrary threshold value or the average pulse width thereof, through the calculation 
process. 

Namely, with the testing apparatus of the magnetic recording medium or the 
magnetic head, according to the present invention, the disc reproduction signal is 
digitized and held in the memory during the arbitrary data reproduction period or a 
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whole data reproduction period, therefore it performs statistic calculation processes 
for calculating out an average value, a value of dispersion, a value of deviation, and 
a value of cumulative frequency, etc., for the value of amplitude of the disc 
reproduction signal or the pulse width in the arbitrary threshold value, as shown in 
5 Fig. 3, upon basis of the digital values held therein, or performs a frequency analysis 
calculation process of FFT (Fast Fourier Transform), etc., onto the discrete values 
held therein, thereby being able to conduct a detailed test onto the magnetic 
recording medium or the magnetic head. 

However, in the Fig. 3, there is shown the statistic calculation process on the 

10 continuous disc reproduction signal pulses from a th to b th where a < b, for explanation 
on the pulses of the disc reproduction signal, however the present invention should 
not be restricted only to this, but it is needless to say that the calculation process can 
be conducted upon the disc reproduction signal pulses of an arbitrary number, i.e., 
the discontinuous pulses, such as every 2 nd pulse of the disc reproduction signal 

15 pulses, for example. 

Also, in the testing apparatus 1 of the magnetic recording medium or the 
magnetic head shown in the Fig, 1 mentioned above, there is described the structure 
of using the disc 101 as the magnetic recording medium as the test target, however 
it is also possible to conduct the test on the magnetic head, by conducting the 

20 recording/reproducing onto/from the disc with using the disc, which is of good qualify 
and is acknowledged of the magnetic characteristics thereof, and the magnetic head 
to be the test target. 

Also, in the Fig. 2, there were explained the structure and the method of 
deciding the test target periods in the recording/reproducing track on the disc with 



using the index signal or the encoder signal from the disc rotation controller portion 
104, however the testing apparatus according to the present invention should not be 
restricted only to this, but it is possible to make the decision of the test target period, 
by recording the sector discrimination signals or the test period start/stop signals for 
5 the recording/reproducing tracks of the disc 101 , for example, and to conduct the test 
on the magnetic recording medium or the magnetic head, as well, by reproducing the 
sector discrimination signals or the test period start/stop signals. 

Also, in the Fig. 2 (2), there is explained the test by the unit of number of the 
disc rotation, however the testing apparatus according to the present invention 

10 should not be restricted only to this, and the test of the magnetic recording medium 
or the magnetic head is also possible, by measuring the rotation number of the disc 
101 and the recording time onto the disc 101, so as to conduct the decision/control 
on the recording time, or by measuring the reproduction time, so as to conduct the 
decision/control on the reproduction time. 

15 Next, conversion operation of the disc reproduction signal into the digital 

value, in the first embodiment according to the present invention, shown in the Fig. 1, 
will be explained by referring to Fig. 4. 

Fig. 4 shows an example of the conversion operation from the time when the 
read-out mode signal comes to be valid, in connection with the conversion operation 

20 into the digital values thereof when the A/D converter circuits and the memories are 
provided in the number of four (4), respectively (N=4), wherein each of the A/D 
converter circuits 141-144 conducts the sampling operation at the frequency fAoc, 
and the conversion operation into the digital value, while each of the memories 151- 
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154 conducts the holding operation of the digital value data at the frequency equal to 
that of the fADc» respectively. 

The sampling clock, at which the operation control is conducted on each of 
the A/D converter circuits 141-144, is a sampling frequency f s as the target for the 
5 frequency to the disc reproduction signal, and in an example shown in Fig. 5, by 
conducting the frequency dividing control, i.e., the sampling clock CLKO, having the 
frequency of four (4) times (N=4) as large as the sampling frequency fADC of each of 
the A/D converter circuits 141-144, is produced during the period when the read-out 
mode signal is valid in the mode change/timing controller portion 137, and the 

10 sampling clock CLKO is divided into 4 in the frequency thereof within the sampling 
clock distributor circuit 133, so that the CLKO outputs one pulse per four (4) pulses to 
one of the A/D converter circuits 141-144, thereby distributing it into CLKs 1-4 to be 
inputted to the A/D converter circuits 141-144, respectively. 

Also, the memory control signal outputs the address control signal so as to 

15 increase the memory address, sequentially at the frequency f A Dc, from the time when 
the read-out mode signal comes to valid, to each of the memories 151-154 
connected with the respective A/D converters 141-144, and also outputs the write 
enable signal at the frequency and in the phase, being same to those of the address 
control signal mentioned above, thereby the digital value obtained through the 

20 conversion by the A/D converter circuits 141-144 is controlled to be written into, at 
the memory address which is controlled by the address control signal. 

Herein, in the sampling clock distributor circuit 133, each of the A/D converter 
circuits 141-144 is controlled to operate in parallel with the disc reproduction signal, 
by setting the phase differences among the sampling clocks of CLKs 1-4, for 
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example a reciprocal number of the f A Dc, i.e., 1/N of the sampling time per one (1 ) 
circuit of the A/D converter circuits, thereby each of the A/D converter circuits 141- 
144 converts the disc reproduction signal into the digital values in time sharing, and 
outputs it in order of the time sharing, i.e., S1 — > S2 — ► S3 — ► S4 -> S5 — ► S6 — ► ... of 
5 the sampling data Data 1-4. 

Namely, it realizes the high speed sampling at the N time as large as f A Dcand 
the conversion into digital value for the disc reproduction signal. Also, in the 
explanation in the above, there is described that the disc reproduction signal is 
distributed without giving the phase difference thereto and the sampling clocks are 

10 distributed with giving the phase difference, thereby realizing the high speed 

sampling, on the contrary to this, by distributing the sampling clock without giving the 
phase difference in the sampling clock distributor circuit 133, and distributing the disc 
reproduction signal with giving the phase difference in the disc reproduction signal 
distributor circuit 132, so as to conduct the sampling, however it is needless to say 

15 that the high speed sampling can also be realized in the same manner. 

In the Figs. 1 and 4, there are explained the cases where N=4, however a 
relationship of the following Equation 1 is established among the number N in the 
parallel provision of the A/D converter circuits, a frequency f jn of the disc reproduction 
signal, the sampling frequency f A Dc per one circuit of the A/D converter circuits, a 

20 ratio M of the sampling frequency f s as the target with respect to f in (M=16 in the Fig. 
4). However, where as the f m is used either a N th high frequency component fj na of 
the disc reproduction signal frequency, for measuring the pulse portion as the target 
for the disc reproduction signal, or a repetition frequency component fjnb of the disc 
reproduction signal pulses. In the wave-form of the disc reproduction signal shown 



in the Fig. 4 is used a sinusoidal wave for the explanation thereof, and the sinusoidal 
wave, as is known in general, does not have the N th high frequency component but is 
same to the repetitive frequency in the basic frequency component thereof, therefore 
it is the case where fj na and fjnb are coincident with. 

5 N > M x WfADC (Equation 1 ) 

However, in the Equation 1 , where N is an integer being equal to or greater 
than one (1). The frequency fin of the disc reproduction signal is controlled through 
varying the oscillation frequencies of the variable frequency oscillator circuits 113 
and 114 mentioned above, by means of the CPU 111 provided in the controller 

10 portion 110, i.e., it is determined by means of the recording frequency of the write-in 
data and the disc rotation number and data patterns when writing/reproducing. 

Also, the ratio between the fin and the target sampling frequency is to be 
defined with using the accuracy of measurement, etc., with respect to the 
characteristics of the magnetic recording medium or the magnetic head as the test 

15 target, and the sampling frequency f A Dc per one circuit of the A/D converter circuits is 
the frequency of the sampling clock which is produced within the mode 
change/timing controller portion 137 and is distributed to, with the maximum 
sampling frequency as an upper limit thereof. 

Accordingly, the fj n , fADc and M mentioned above, in the testing apparatus 1 of 

20 the magnetic recording medium or the magnetic disc shown in the Fig. 1, are values 
which are known previously, and are able to be set to values, at which the user of 
the testing apparatus intends. 

Accordingly, conducting the sampling on the disc reproduction signal in details 
in a direction of a time axis with the structure mentioned above, thereby it is possible 
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to convert an abrupt or sharp change of the disc reproduction signal, for example, 
into the digital value at high accuracy, and by using the data of digital value at high 
accuracy when calculating out the TAA or the PW50, etc., through the digital 
calculation process, for example, it is possible to perform the test of the magnetic 
5 disc or the magnetic head at high accuracy. 

Namely, according to the present invention, in the testing apparatus of the 
magnetic recording medium or the magnetic head, the test data reproduced is 
converted into the digital values, and from the digital values converted is treated the 
calculation process in relation to the magnetic characteristics of the magnetic 

10 recording medium, so as to conduct the test of the magnetic recording medium, 
thereby it is possible to realize the testing in details and at high accuracy on the 
magnetic recording medium or the magnetic head. 

Also, according to the present invention, in the testing apparatus of the 
magnetic recording medium or the magnetic head, there are provided N number (N 

15 is an integer) of converter means for converting the reproduced test data into the 
digital values, a sampling clock controller means for operating the N number of the 
converter means at a predetermined sampling frequency for each one thereof, N 
number of holding means for holding the digital values which are converted by the N 
number of the converter means, and a data processing means for conducting 

20 calculation processes in relation to the magnetic characteristics of the magnetic 
recording medium, wherein the testing is conducted on the magnetic recording 
medium, thereby it is able to realize the testing in details and at high accuracy on the 
magnetic recording medium or the magnetic head. 
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Also, according to the present invention, in the testing apparatus of the 
magnetic recording medium or the magnetic head, as is in the one embodiment 
mentioned above, there are provided N number of the converter means, the 
sampling clock reproducing means, N number of the holding means, the data 
5 processing means and the analysis processing means, thereby it is able to realize 
the testing at high speed on the magnetic recording medium or the magnetic head. 
Accordingly, it is possible to perform the testing on the magnetic disc or the magnetic 
head at high accuracy, corresponding to the tendency of being high frequency on the 
disc reproduction signal in future. 

10 Next, explanation will be given on a second embodiment according to the 

present invention, by referring to Fig. 5. In Fig. 5, L number of R/W heads and 
reproduction amplifiers corresponding thereto are provided for the disc, i.e., the 
magnetic recording medium as the test target, wherein, for example, the disc 
reproduction signals on the different tracks or sectors are detected by the respective 

15 R/W heads, so as to obtain L number of the reproduction signals through amplifying 
them by means of the reproduction amplifiers, and they are outputted, by changing 
the number of distribution number and destinations in distribution of the disc 
reproduction signals, through controlling change-over switches SW by means of the 
distribution control signal in the disc reproduction signal distributor circuit, to the 

20 plurality number of the A/D converter circuits provided in the number N, thereby 
being converted into the digital value at the sampling frequency fADc in each of the 
A/D converter circuits to be outputted into the memory. 

In the Fig. 5 is shown an example of the structure, in which the outputs of four 
(4) number of the R/W head 301-304 and the reproduction amplifiers 311-314 are 



inputted into the disc reproduction signal distributor circuit 132, and the distribution 
control signals S1 and S2 are exchanged, so as to change the connecting condition 
between the inputs and outputs of the disc reproduction signal distributor circuit 132, 
thereby controlling the number in the distribution of disc reproduction signal to be 
5 variable to the A/D converter circuits 141-144, which are provided in the number of 
four (4) (N=4). 

Also, the sampling clock distributor circuit 133 is constructed, so that it 
operates the counter 331 with using the sampling clock which is outputted by the 
mode change/timing controller portion 137 in the Fig. 1, and it outputs the sampling 

10 pulse only when the output of the counter 331 and the N number of setting values 
are coincident with, in the comparator circuits 332-335 provided in the number N, 
during the read-out mode, and it has the construction to divide the sampling clock 
into N times in the frequency thereof and to convert them into a clock of N phases, 
where the phase difference between the respective sampling pulses is equal to the 

15 time, being obtained through dividing the period of sampling clock, which is divided 
by N in the frequency, and the sampling clock having N times as large as the 
frequency of sampling frequency f A Dc as an operating frequency of one A/D 
converter circuit is produced by the mode change/timing controller portion 137, 
thereby supplying the sampling clock to each of the A/D converter circuits at the 

20 sampling frequency of fADc and with the phase difference of N phases. 

Herein is described the structure, in which the counter 331 and the 
comparators 332-335 are used as the sampling clock distributor circuit 133, however 
the structure should not be restricted only to this, and it may be constructed with 
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using delay elements, for example, to distribute the sampling clock into N with the 
phase difference of N phases. 

In the Fig. 5, there is shown the structure, in which the sampling clock at the 
frequency of four (4) times as large as f A DC is inputted into the sampling clock 
5 distributor circuit 133, so as to operate the counter 331 , thereby to compare four (4) 
of the output conditions of the counter 331 , i.e., 00, 01 , 10 and 1 1 and the setting 
values by the comparator circuits 332-335, and the sampling clock CLKO which is 
delayed in a delay circuit 330 is gated by AND gates 336-339 upon basis of an 
incident output of each of the comparator circuits 332-335, thereby outputting the 
10 outputs of the AND gates 336-339, as the sampling clocks CLKs 1-4, to the A/D 
converter circuits 141-144, respectively. 

However, the output of each of the A/D converter circuits 141-144 is supplied 
to the memories 151-154 being same as those shown in the Fig. 1, and the outputs 
thereof are connected to the data processing portion 1 35 and the analysis 
15 processing portion 136. 

Fig. 6 is, in connection with the second embodiment according to the present 
invention, for explanation of an operation of the sampling circuit in the mode 
change/timing controller portion 137 shown in the Fig. 1 (not shown in the figure in 
the Fig. 5), when it starts the sampling operation by discriminating the start sector 
20 and bringing the read-out mode signal to be valid, and it shows the case where the 
distribution control signals shown in the Fig. 5 are S1=*L' and S2='H'. 

Herein is shown an example, where the disc reproduction signal in1 is an 
output signal from the R/W head 101 and the reproduction amplifier 31 1 , and it is 
distributed into the A/D converter circuits 141 and 143 to be inputted therein, while 
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the disc reproduction signal in2 is an output signal from the R/W head 302 and the 
reproduction amplifier 312, and it is distributed into the A/D converter circuits 142 
and 144 to be inputted therein, namely, it is an example where the disc reproduction 
signals which are outputted in the disc reproduction signal distributor circuit 132 are 
two (2) kinds (L=2). Also, there is shown an example where the sampling operation 
is started by determining that the reproduction sector number of the disc 
reproduction signal in1 is two (2) for two disc reproduction signals in1 and in2. 

Namely, the sampling operation on each of the disc reproduction signals 
comprises, as shown in the Fig. 6, sampling the reproduction signal distributed into 
the A/D converter circuits 141 and 143 at the timings of the sampling clocks CLK1 
and CLK3, respectively, thereby to convert them into the sampling data Datal and 
Data3, and sampling the reproduction signal distributed into the A/D converter 
circuits 142 and 144 at the timings of the sampling clocks CLK2 and CLK4, 
respectively, thereby to convert them into the sampling data Data2 and Data4. 

Accordingly, at the end, the disc reproduction signal in1 is written into the 
memories 151 and 153 (not shown in the figure), as the sampling data in the order 
S1 — > S3 — ► S5 — ► S7 -> while the disc reproduction signal in2 is written into the 
memories 152 and 154 (not shown in the figure), as the sampling data in the order 
S2^S4^S6->S8-+... 

Further, herein for explanation, only the reproduction sector number of the 
disc reproduction signal in1 is used to decide or discriminate the start of the 
sampling operation for two disc reproduction signals in1 and in2, however in actual, 
the decision or discrimination is made on each of the sector numbers, separately, for 
example, for each of the disc reproduction signals, thereby it is also possible to 



39 



conduct the testing, respectively, for an arbitrary preset track or sector interval, 
independently. 

Also, in case where the distribution control signals are set to be, i.e., S1="L" 
and S2="L" in the disc reproduction signal distributor circuit 132 shown in the Fig. 5, 
5 this means that the disc reproduction signals in1-in4 are distributed into the A/D 
converter circuits 141-144, which are provided in number of four (4) (N=4), at 1:1 for 
each (L=4), thereby sampling the disc reproduction signal in1-in4 at the frequency 

fADC- 

Also, in case where the distribution control signal is set to be, i.e., S1="H" in 
10 the disc reproduction signal distributor circuit 132 shown in the Fig. 5, this means 
that only the disc reproduction signal in1 is distributed into the A/D converter circuits 
141-144, which are provided in number of four (4) (N=4), and in this case, the circuit 
operation of the testing apparatus is equal to that of the circuit shown in the Fig. 2, 
i.e., being equal to sampling the disc reproduction signal in1 at the four (4) times as 
15 large as frequency of fADc> therefore conducting the conversion in the order S1 — ► S3 
-» S5 — ► ...on the disc reproduction signal in1. 

Herein, turning attention to the sampling frequency f S am P ie for one disc 
reproduction signal while setting the sampling frequency of each of the A/D converter 
circuits 141-144 at f A Dc, the fsampie is equal to (N/L) fA D c, then it is possible to variably 
20 control the sampling frequency by changing the distribution control signal for the disc 
reproduction signal. 

Namely, as was mentioned in the above, in the testing apparatus of the 
magnetic recording medium or the magnetic head, since the frequency fj n of the disc 
reproduction signal is controllable and has the known value, it is possible to control 



the sampling frequency f S am P ie for the one disc production signal with a relationship of 
the following Equation 2, by controlling the connection condition with L number of 
disc reduction signals in the disc reduction signal distributor circuit, for the parallel 
number N of the A/D converter circuits, that is determined by using the relationship 
5 indicated in the Equation 1 . 

fsampie = (N/L) x f A DC (Equation 2) 

Accordingly, for example in a case where the frequency component as an 
measurement target for the disc reproduction signal is high with respect to the 
sampling frequency of the A/D converter circuits, by using one R/W head and one 

10 reproduction amplifier and N number of A/D converter circuits, i.e., in the relationship 
shown by the Equation 2, in the testing apparatus of the magnetic recording medium 
or the magnetic head realizing the high speed sampling operation, while in a case 
where the frequency component of the disc reproduction signal as the measurement 
target when using the disc or the magnetic head as the measurement object is not 

15 high with respect to the sampling frequency of the A/D converter circuit or where 
there is a margin in measurement accuracy, by using L number of R/W heads and 
reproduction amplifiers and N number of the A/D converter circuits, i.e., L>1 (L=2 in 
the Fig. 5) in the relationship shown by the Equation 2, it is possible to measure the 
different tracks on the disc, at the same time, with using the plural number of heads 

20 of L, therefore it is possible to improve throughput in testing processes of the disc or 
the magnetic head. 

Also, with the testing apparatus according to the present invention, the 
number of the discs to be tested should not be restricted, and for example, by using 
the a plural number of magnetic heads for a plural pieces of discs and the 



reproduction amplifiers corresponding to the magnetic heads, it is possible to make 
the measurement on the plural pieces of the discs or the plural number of the 
magnetic heads, at the same time, and also the apparatus may be constructed to 
have a transmission apparatus of the discs for obtaining an improvement in the 
5 throughput of the disc test. 

Herein, in the Figs. 5 and 6, for the explanation on the second embodiment 
according to the present embodiment, there is no description about the variable 
frequency oscillator circuit, nor the function of writing the test data, nor the holding 
function of the digital value data which are obtained by digitizing the disc 

10 reproduction wave-form, nor the calculation process function of calculating out a 
desired measurement value from that digital value data, nor the timing control 
function, however those functions are same to those shown in the first embodiment 
according to the present embodiment in the Fig. 1 , therefore the testing apparatus of 
the magnetic recording medium or the magnetic head according to the present 

15 invention has also those functions. 

Also, in the Figs. 5 and 6, it has the construction so that the sampling clock is 
supplied with being fixed in the phase for each of the A/D converter circuits, for the 
purpose of explanation thereof, however the present invention should not be 
restricted only to this, and for example, it may be possible to be constructed, so that 

20 the phase difference of the sampling clocks distributed in the sampling clock 

distributor circuit 133 is changed over, depending upon the distribution control signal 
to the disc reproduction signal distributor circuit 132, then it is sufficient that it can 
realize the sampling at the sampling frequency which is indicated by the Equation 2, 
for each of the L number of disc reproduction signals. Also, it may be constructed so 
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that it variably controls the sampling frequency depending upon the control of 
distribution control signal, namely, the parallel number of the A/D converter circuits 
for the one reproduction signal. 

Namely, according to the present embodiment, the testing apparatus of the 
5 magnetic recording medium or the magnetic head has the construction, so that the L 
number of the disc reproduction signals outputted from the R/W heads and the 
reproduction amplifiers, which are provided of number L, are distributed to the A/D 
converter circuits provided in the number L, by using the reproduction signal 
distributor circuit, so as to process the plural number of the reproduction signals by 
10 converting them into the digital values thereof, in parallel and separately, thereby 
realizing the high speed of testing on the magnetic recording medium or the 
magnetic head. 

Next, explanation will be given on a third embodiment according to the 
present invention. In the testing apparatus of the magnetic recording medium or the 

15 magnetic head, as was mentioned in the above, the testing of the magnetic 

recording medium or the magnetic head is conducted by measuring the average 
amplitude TAA and the average pulse width PW50 for the disc reproduction signal. 
The average amplitude TAA and the average pulse width PW50 are obtained by 
measuring the amplitude and the pulse width of the disc reproduction wave-form and 

20 treating averaging process thereon for one turn or revolution of the disc, for example, 
as is shown in Fig. 11. 

Herein, in case of sampling the disc reproduction wave-form at a constant 
time distance, in particular in a portion where voltage changing rate of the disc 
reproduction wave-form with respect to the time, i.e., the inclination thereof is large, 



the sampling density comes to be low in relation with the direction of amplitude, while 
the sampling density comes to be high in relation with the direction of amplitude, in 
particular in a portion where the inclination of the disc reproduction wave-form is 
small. 

5 For example, with the disc reproduction signal shown in Fig. 8 (1), incidence 

frequency of the sample values comes to be high in the vicinity of 0 [V] and the peak 
value. In this instance, the sample value having the highest frequency in the peak 
value of the disc reproduction signal is almost equal to the average amplitude TAA of 
the disc reproduction signal shown in the Fig. 1 1 . Accordingly, by measuring the 

10 incidence frequency of the disc reproduction sample values, so as to discriminate the 
sample value to be the peak value in the incidence frequency thereof, the 
measurement of the TAA comes to be possible. 

Also, as is shown in Fig. 8 (2), the pulse number of the pulses for use in 
counting is measured during the time period when the amplitude of the disc 

15 reproduction signal is greater than the threshold voltage, for each of the disc 

reproduction pulses, and on that pulse number, the incidence frequency of each of 
the pulse numbers is measured, in the same manner of the measurement of TAA 
mentioned above, thereby detecting the pulse number to be highest in the incidence 
frequency thereof. Herein, as the threshold voltage is used the value of 50% of the 

20 TAA value mentioned above. The time of pulse width, which is obtained by 

conducting multiplication process of the pulse number onto the reciprocal of the 
oscillation frequency of the pulse for use in counting of the time, comes to be almost 
equal to the value of the average pulse width PW50 of the disc reproduction signal 
shown in the Fig. 1 1 . Accordingly, by measuring the pulse width of the disc 



reproduction signal for each of the disc reproduction signal pulses, so at to 
discriminate the pulse width to be at the peak value in the incidence frequency of the 
pulse width, the measurement of PW50 comes to be possible. 

Fig. 7 is a view of showing the structure of an apparatus, in the testing 
5 apparatus of the magnetic recording medium or the magnetic head, according to the 
present invention, for measuring the average amplitude TAA and the average pulse 
width PW50 of the disc reproduction signal upon basis of the measuring method 
mentioned above, when reproducing the test data written into the magnetic disc for 
conducting the testing on the magnetic disc or the magnetic head. 

10 Namely, in the testing apparatus of the magnetic recording medium or the 

magnetic head shown in the Fig. 7, the reproduction of the wave-form of the test 
data is conducted through the R/W head 102 and the reproduction amplifier 131, 
from the magnetic disc which is operated to rotate by the disc rotation portion 103 
and is written with the test data, and this is sampled according to the sampling clock 

15 CLK1 in the A/D converter circuit 403, thereby to convert it into the digital value. 

A frequency measurement portion 404, in which are provided, for example, 
frequency counters for each of the digital values outputted by the A/D converter 
circuit 403, operates the frequency counters to make an increment operation on the 
count values of the frequency counters corresponding to the digital value which the 

20 A/D converter circuit 403 outputs, upon basis of the frequency count clock having the 
frequency same to that of the sampling clock CLK1. A histogram processing portion 
406 is constructed with gate circuits, and it reads out the outputs of the plural 
frequency counters which are provided in the frequency measurement portion 404, 
one by one, for example, at the same time when the read-out operation is completed 



for the each one turn or revolution of the disc 101 , thereby outputting the peak value 
in the vicinity of the amplitude of the disc reproduction wave-form as the 
measurement value of the TAA. 

Also, in the testing apparatus of the magnetic recording medium or the 
5 magnetic head shown in the Fig. 7, the output value of the A/D converter circuit 403 
and the threshold data which is outputted by the histogram processing portion 404 at 
the value of 50% of TAA, are compared in a digital comparator 408, thereby 
producing a counter enable signal En of the pulse number being same to that of the 
disc reproduction pulse number. A counter 409 operates conduct the counting 

10 operation by the clock CLK2 having the known frequency for time measuring, which 
is produced in the oscillator circuit 402, as well as the counter enable signal En, and 
then it measures the pulse number of the CLK2 during the period when the En is 
valid for each of the En pulses. 

A frequency measuring portion 405, in which are provided, for example, 

15 frequency counters for each of the dispersion values outputted by the counter 409, 
operates to make the increment operation on the count value of the frequency 
counter, corresponding to the dispersion value which is outputted by the counter 
409, by making the counter enable signal En as the frequency count clock. A 
histogram processing portion 407 is constructed with gate circuits, and it reads out 

20 the outputs of the plural frequency counters, which are provided in the frequency 

measurement portion 405, one by one, for example, at the same time when the read- 
out operation is completed for the each one turn or revolution of the disc 101, 
thereby outputting the count value corresponding to the frequency counter, at which 
the output value thereof is at the maximum, as the measurement value of the PW. 



Herein, the measurement value of PW is given by the pulse number of the 
clock CLK2 for use of time measuring, however since the oscillation frequency of the 
clock CLK2 for use of time measuring is already known, the PW value is obtained by 
conducting the multiplication process of the pulse number onto a reciprocal number 
5 of the oscillation frequency of the clock CLK2 for use of time measuring, by means of 
the CPU (not shown in the figure) provided in the controller portion. 

In the explanation mentioned above is mentioned the structure of using the 
plural number of the counters in the frequency measuring portions 404 and 405, 
however the present invention should not be restricted only to this, and it may be 
10 constructed with using memories 51 1 and 512 and adder circuits 512 and 522, as 
shown in Fig. 9, for example. 

Namely, in the measurement of TAA, upon basis of the dispersion value of the 
disc reproduction signal which is converted by the A/D converter circuit 403, by 
adding the data which are written into the addresses of the memory 51 1 
15 corresponding to the digital values with using the memory 51 1 , with using the adder 
circuit 512, so as to write them into the same addresses, it is also possible to 
measure the frequency. With the measurement of the PW50, by adding the data, 
which are written into the addresses of the memory 521 corresponding to the output 
values of the counter 525 with using the memory 521 , so as to write them into the 
20 same addresses, it is also possible to measure the frequency. 

Also, in the Fig. 9 is shown an example of the structure, wherein the outputs 
of the register 523 holding an arbitrary threshold data and the A/D converter circuit 
403 are compared with by using the digital comparator 524, so as to conduct the 
control on operation of the counter 525, namely, according to the present structure, it 



is possible to measure the average pulse width for the arbitrary threshold value, and 
also it is needless to say that it is sufficient to set the data of 50% of the 
measurement value of the TAA mentioned above when measuring the PW50. 

Also, not shown in the figure in particular, it is also possible to measure the 
5 PW50 by measuring a total of the pulse widths of the counter enable signal En and 
the counter number, and by conducting averaging process thereon, i.e., by dividing 
the total value of the pulse widths by the pulse number after completion of the read- 
out thereof. 

Also, in the Figs. 7, 8 and 9, for explanation on the third embodiment 
10 according to the present invention, there is no description about the write-in function 
of the test data and the timing control function, etc., however those functions are also 
same to those in the first embodiment shown in the Fig. 1, according to the present 
invention, therefore the testing apparatus of the magnetic recording medium or the 
magnetic head has also those functions therein. 
15 Namely, with the present invention, in the testing apparatus of the magnetic 

recording medium or the magnetic head for measuring the average amplitude TAA of 
the disc reproduction wave-from or the average pulse width PW at an arbitrary 
threshold level, it is characterized that both the TAA and PW or either one of them 
are/is measured by obtaining the frequency of the measurement values, so as to 
20 treat it/them statistically. 

According to the present invention, in the testing apparatus of the magnetic 
recording medium or of the magnetic head, the test data reproduced from the 
magnetic recording medium is converted into the digital value thereof, and the 
calculation process is carried out in relation to the magnetic characteristics of the 
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magnetic recording medium from the digital value converted, thereby achieving an 
effect of realizing the testing with details and at high accuracy on the magnetic disc 
or on the magnetic head. 

Also, according to the present invention, the test data reproduced from the 
magnetic recording medium is converted into the digital value at high speed with 
using N number of the converter means, and the calculation process is conducted in 
relation to the magnetic characteristics of the magnetic recording medium from the 
digital value converted, thereby realizing the testing with details and at high accuracy 
on the magnetic disc or on the magnetic head, and it is also possible to achieves an 
effect of achieving the testing in conformity with the tendency of coming to high 
frequency in the magnetic disc apparatuses, in future. 

Also, according to the present invention, in the testing apparatus of the 
magnetic recording medium or of the magnetic head, the plurality of the reproduction 
test data are converted into the digital values thereof, separately, thereby achieving 
an effect that the testing at high speed can be realized on the magnetic recording 
medium or on the magnetic head. 

Also, according to the present invention, in the testing apparatus of the 
magnetic recording medium or of the magnetic head, there is achieved an effect that 
the average amplitude TAA of the reproduction test data and the average pulse 
width PW50 can be measured at high speed. 
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